The objective of this study is to confirm that spinal cord injury (SCI) alters the neurological pathways of sexual function (SF) and to ascertain whether other differences exist among men with SCI compared with men without SCI (WSCI) and sexual dysfunction (SD). The method comprise a case study of 98 men with SCI and SD, and 89 men with WSCI and SD as controls. A questionnaire was administered to these men regarding their SF, anxiety, depression, self-esteem and quality of life. Additionally, a penile eco-Doppler study was performed after a prostaglandin E1 (PGE1) injection, in addition to neurophysiological tests of the innervation pathways of SF. The mean age of cases (39.35 years) was significantly lower than the control group (48.5 years). The SCI group had a higher frequency of ejaculatory disorders, and the WSCI group had a higher frequency of decreased sexual desire, erectile dysfunction (ED) and premature ejaculation. The WSCI group had greater anxiety and depression than the SCI group. The systolic velocities of both cavernous arteries were higher in the SCI group. Significant differences were observed in electromyography of the bulbocavernosus muscle, pudendal sensory thresholds, somatosensory potentials, genital sympathetic potentials and electromyography of the cavernous bodies after PGE1 injection. SCI causes significant alterations in the innervation pathways of SF.
INTRODUCTION
Sexual function (SF) is a human activity influenced by social, psychological and physiological factors. Male SF is divided into phases: desire, excitation, orgasm and resolution. 1 Some alternations in SF include the following: a decrease in sexual desire, erectile dysfunction (ED), anejaculation/anorgasmia, premature ejaculation and dyspareunia, or pain during sexual intercourse. 2 Sexual dysfunction (SD) is produced by psychological or organic (vascular, hormonal or neurological) factors. SD of neurological origin arises from lesions in the neurological pathways of SF. 3 In patients with spinal cord injury (SCI), the incidence of SD is elevated. It has been proposed that SD is caused by lesions in the neurological pathways related to SF. 4 However, to date this hypothesis has not been proven by analyzing whether significant differences exist between patients with SCI and patients with SD but without SCI.
The objective of our study was to confirm that patients with SD and SCI have alterations in the neurological pathways involved in SF, by comparing these patients with those with SD and without SCI.
As a secondary objective, we aimed to analyze whether there were differences between the two groups regarding the various types of SD and the presence of other factors that can contribute to SD, such as psychological and vascular factors.
MATERIALS AND METHODS
A case-control study was performed on a sample of 187 men that presented with SD; the mean age of the men was 42 years (s.d.: 11.8 years).
Ninety-eight patients had SCI (52.4% of the sample), and patients who presented with previous SD and those in the spinal shock phase were excluded. Eighty-nine patients without SCI (WSCI) served as the controls (47.6% of the sample). The levels and grades of the SCI are shown in Table 1 . The prior medical history of the control group is shown in Table 2 .
The medical history was collected for all patients, including an inquiry of their past illnesses and conditions, and a clinical neurological exam was performed. The patients also answered the following self-completed questionnaires:
Evaluation of the Sexual Health Scale (Escala de Valoració n de la Salud Sexual), 5 which collects data on the following: past clinical histories that can cause SD, frequency, interest, satisfaction with sexual relations and SDs (alteration in desire, erection, orgasm, ejaculation and sensitivity). IEEF-5, which evaluates erectile function and satisfaction in sexual relations. 6 The Fugl-Meyer Life Satisfaction Questionnaire (LISAT-8) that consists of eight items. A total General Life Satisfaction score can be calculated, or the items can be grouped into three dimensions: Satisfaction with Social Life, Sexual Life and Economic Life. This scale has shown acceptable psychometric properties; the receiver-operating curve analysis showed a sensitivity of 81.7% (95% confidence intervals: 80.5-82.9), a specificity of 79.2% (confidence intervals: 77.5-80.8), and a Kappa agreement coefficient of 0.60. 7 The Hospital Anxiety and Depression Scale (HADS), 8 which has a demonstrated internal consistency of 0.86 for HADS-A and 0.85 for HADS-D, and a test-retest reliability of greater than 0.85 based on a study of 963 adults with SCI. 9 The Rosenberg Self-Esteem Scale, which was designed by Rosenberg 10 in 1965. This scale is used for evaluating overall self-esteem. This scale has been shown to have adequate internal consistency (Cronbach's a ¼ 0.87) and a test-retest reliability of over 0.8 in studies of the Spanish population.
Finally, the patients were subjected to a penile eco-Doppler (PED) study after an intracavernous injection of prostaglandin E1 (PGE1) and to a neurophysiologic study of the SF innervation pathways (neuroandrologic profile).
The study was approved by the research commission at our center and financed by a grant from the regional government of Castilla La Mancha. Moreover, all patients signed informed consent, agreeing to participate in the study.
The PED study was performed using a model SSA-580A (Toshiba, Tochigi, Japan), with a 7.5-MHz linear image transducer in mode B and a 3.5-MHz linear image transducer using a sample volume of 2 mm. To localize the cavernous arteries, the probe was placed longitudinally at the peno-scrotal junction. Then, using the Doppler system, the maximal systolic and diastolic velocities of both arteries were measured beginning on the left side after injecting 20 pg of PGE1 in patients with WSCI, and then progressively injecting up to 20 pg in patients with SCI. The Doppler angle was adjusted to match the flow axis.
The neuroandrologic profile was obtained using a Key-point model electromyogram (Medtronic, Skovlunde, Denmark) and a rounded electrode with the patient in the supine position to improve the signal. The potentials were registered on the device screen and then printed. The following tests were included: (1) recordings of the basal potentials of the bulbocavernosus muscle were conducted between 2-5 cm deep by inserting a concentric needle electrode 3 cm above and lateral to the anus. (2) Electromyography was used to measure the bulbocavernosus reflex and evaluate the appearance of an interference pattern. Perception thresholds and sensation thresholds were measured through electrostimulation of the dorsal penile nerve with rectangular impulses of 0.2 ms in duration and a 3-Hz frequency. The latency time was measured beginning from dorsal penile nerve stimulation until the appearance of the contractile response of the bulbocavernosus muscle (sacral latency time).
11 ( 3) The latency time was measured beginning from the stimulation of the dorsal penile nerve until the appearance of evoked cortical potentials (evoked somatosensory potentials of the pudendal nerve). The response was recorded at point CZ-2, and the responses of 1000 stimuli were averaged, using the first positive deflection (P1) as a reference.
12 (4) Recordings of sympathetic genital-evoked potentials were obtained using superficial silver chloride electrodes placed on the penis, in response to stimulation of the posterior tibial nerve. The latency time was also measured when the potentials were obtainable. 13 (5) Recordings of the smooth muscle activity in the cavernous bodies (electromyography) were obtained at the basal level and after injecting 20 pg of PGE1 in patients with WSCI and then progressively injecting up to 20 pg in patients with SCI. This exploration was performed by introducing a 37 Â 0.46 mm coaxial 26-G needle electrode into each cavernous body.
The erection grade was determined according to the classification established by Golstein et al.
14 Grade IV was considered an adequate erectile response. SPSS software, version 11 (SPSS Inc., Chicago, IL, USA), was used for statistical analyses. The following statistical analyses were performed: Fisher's exact test for binary variables, Pearson's w 2 -test for categorical variables and Student's t-test to compare the means for quantitative variables. The level of significance was fixed at 5% bilaterally.
RESULTS

Descriptive statistics
The sexual symptoms reported by the patients are shown in Table 3 .
The mean score of the IIEF-5 questionnaire was 12.83 points, with an s.d. of 6.69 points. The scores of the HADS questionnaire were as follows: anxiety, mean 7.33 points, s.d. The neuroandrologic profile and PED data are shown in Table 4 .
Inferential statistics
The mean age of the patients with SCI was 39.35 years (s.d. 11.02 years). The mean age of WSCI patients was 48.5 years (s.d. 11.23 years). This difference was significant (P ¼ 0.000).
In Table 5 , the distribution of SD symptoms and the results of the IIEF-5, HADS, Rosenberg self-esteem scale and index of the sexual quality-of-life questionnaires are shown for both groups. Significant differences were observed in decresed sexual desire, ED, ejaculatory disorders (EjDs) and premature ejaculation, and the levels of anxiety and depression.
The distribution of the mean score of the IIEF-5 questionnaire was 13.89 (s.d. 7.26) in the spinal cord lesion group and 11.17 (s.d. 5.41) in the without spinal cord lesion group. The difference was not significant.
In Table 6 , the distributions of the PED results are shown for both groups. One significant difference was observed for the systolic velocity in both cavernous arteries. Abbreviations: AHT, arterial hypertension; BPH, benign prostatic hyperplasia.
Sexual dysfunction in men with spinal cord injury M Virseda-Chamorro et al
In Table 7 , the distribution of the neuroandrologic profile results is shown for both groups. The differences were not significant regarding sacral latency time, the latency time for sympathetic potentials and the activity of cavernous bodies at rest.
DISCUSSION
Our study confirms the presence of significant differences between the SCI and WSCI groups in the majority of the neurophysiological tests that analyzed the integrity of the SF neurological pathways. Significant differences were also observed in penile arterial perfusion, and in the anxiety and depression scores.
These differences explain the unequal prevalence of the different types of SD in the two groups.
Decresed sexual desire (DSD) in the WSCI group was the second most frequent SD (reported by 59% of patients) after ED, whereas in patients with SCI it was the third most frequent SD, with a prevalence of 33%. DSD is also the second most frequent pathology in the general population after ED, as shown by Lauman et al. 15 In a series of patients with SCI, DSD was the least frequent pathology. 16, 17 The risk factors for this DSD symptom include age and the presence of depression and anxiety.
14 These three factors were significantly different in the two study groups. In our study, the patients in the SCI group were significantly younger than those in the control group, and the prevalence of anxiety and depression was significantly higher in the control group. It is possible that the higher prevalence of DSD in the WSCI group can be explained by a higher frequency of depression and anxiety in this group, and that age is a related variable. This association of DSD with anxiety and depression would imply that this disorder is independent of neurological lesions and that its cause would be primarily psychological. Stien 18 also suggested that DSD in patients with SCI was primarily attributed to psychosocial factors. In this sense, patients with SCI in our series would have a level of self-esteem and sexual quality of life that was comparable to patients in the control group.
ED was the most frequent symptom in both groups. The prevalence of this symptom in the case group was 89%, whereas it was 100% in the control group.
Age is a risk factor for ED, which was significantly higher in the control group. Furthermore, the presence of alterations in the vascularization of the cavernous arteries is related to age. 19 From the PED, we showed that the systolic velocity in both cavernous arteries was significantly higher in patients with SCI. According to these data, the higher frequency of ED in the control group is Significant.
Sexual dysfunction in men with spinal cord injury M Virseda-Chamorro et al related to the higher prevalence of arteriogenic impotence in this group. However, we also observed a significantly higher percentage of patients without cavernous musculature relaxation after the injection of PGE1 in the control group. The absence of relaxation of the cavernous musculature is one of the causes of the so-called 'venous leak,' which prevents the adequate refilling of the cavernous sinusoids and, therefore, adequate penile rigidity. Increased sympathetic tone due to anxiety is one of the causes for this lack of relaxation. 20 Both factors, decreased arterial perfusion and the absence of relaxation in the cavernous smooth musculature, also explain the poor response of control group when these patients were subjected to the intracavernous injection of PGE1. 21 ED in the SCI group could be explained by purely neurogenic causes. Two neurological pathways are described for erection: a reflexive erection, which involves the sacral reflex arc (S2-S4) and cutaneous stimulations to its afferent branch, and a psychogenic erection, which involves the sympathetic spinal center (D10-L2) and psychologic, visual and auditory stimuli to its afferent branches. 22 The reflexive erection can be studied through bulbocavernosus reflex and the measurement of sacral latency time. 23 In our series, significant differences were seen in bulbocavernosus reflex between the two groups. This reflex was present in 100% of patients in the control group but only in 79% of the SCI group. The loss of this reflex occurs in lesions of the conus medullaris and the cauda equina when the level of the lesion is at or below the level of the sacral metameres. However, sacral latency time did not exhibit significant differences between the two groups. In agreement with Fowler, 23 this study lacks sufficient sensitivity to be useful. The psychogenic erection can be studied through sympathetic genital-evoked potentials. Sympathetic genital-evoked potential is a technique that explores the multi-segmented neurological pathway. This response is altered in patients with peripheral lesions in the sympathetic innervation and in those with lesions in the spinal tracts. 24 In our study, we observed alterations (unobtainable or non-reproducible potentials) in 71% of the SCI group compared with only 27% in the control group. Evoked sympathetic potentials have been demonstrated to be useful in the study of type C non-myelinated peripheral nerve fibers in patients with ED. Our data are compatible with the hypothesis that this method also serves to diagnose central-level lesions in sympathetic innervation. Valles-Antuñ a et al. 25 also found a lower percentage of obtainable sympathetic potentials among patients with ED and neurological lesions (both central and peripheral). Twenty-seven percent of the alterations found in the control group correspond to patients with peripheral neuropathies as a consequence of diabetes or prostatic surgery. The latency time for sympathetic potentials was not significantly different in the two groups. For Fowler, 23 this parameter presents great variation and, thus, it would not be useful as a diagnostic tool.
We also observed significant differences in pudendal motor innervation between the two groups. Only 34% of patients in the SCI group had normal potentials compared with 72% in the control group. In addition, 23% of the SCI group had denervated potentials compared with a complete absence in the control group. Pudendal motor innervation has a minor role in achieving an erection and is only important in the final or skeletal phase, during which contraction of the bulbocavernosus and ischiocavernosus muscles increases penile rigidity. 26 EjDs were much more frequent in patients with SCI and was the second most prevalent disorder (79%). In comparison, EjD was the fourth most prevalent disorder in the control group at 20%. Phelps et al. 16 reported that in a series of patients with SCI, the most common disorder was an absence of ejaculation and anorgasmia, exceeding the percentage of patients with ED. In contrast, in a study of the general population by Lauman et al., 14 this disorder was the third most frequent disorder after DSD and ED.
Ejaculation and orgasm are regulated by a series of spinal and cerebral neurological pathways. The afferent branch of these pathways receive sensory stimuli from the glans and genitals that then travel via the spinothalamic tracts to the cerebrum; the efferent branch transmits sympathetic and pudendal motor impulses. 27 The highest frequency of EjDs among patients in the SCI group was correlated with penile sensory thresholds and somatosensory potential latency times that were significantly higher than in the control group. These findings are compatible with a lesion of the afferent pudendal branch primarily at a central level, which would affect the multi-segmented ejaculatory reflex and orgasm. Beric and Light 28 showed that in patients with anorgasmia, the spinothalamic tracts are altered.
Finally, premature ejaculation was a much more frequent disorder in the control group than in patients with SCI. In the Sexual dysfunction in men with spinal cord injury M Virseda-Chamorro et al general population it occurs frequently, and in contrast to other disorders its prevalence decreases with age. Moreover, it has been associated with a high prevalence of anxiety. 29 This relationship coincides with our data in that anxiety scoring was also significantly higher in the control group.
The study design regarding the cases and controls was guided by the fact that the criteria to define both groups are clear. Moreover, both groups were drawn from the same study population and were defined by the presence of SD from the results of a questionnaire about sexual health.
Among the limitations of our study, the heterogeneity and the older age of the control group should be noted. However, we consider that both limitations are inherent to the nature of the study design, because patients with SCI are a well-defined group and this pathology affects primarily young men as a consequence of traumatic lesions. In the discussion, we have attempted to address this difference in age.
We did not want to conduct an analysis of the results measuring the odds ratio, as this would mean dichotomizing continuous variables. This process is a complicated task, because in many cases it is not clear where the cut-off points are and it would imply a loss of statistical power. We also have not evaluated the hormonal factors that are important in SD.
Despite its limitations, this study highlights the differences between the two patient groups and confirms the hypothesis that patients with SCI demonstrate significant differences in tests that evaluate the neurological pathways of SF when compared with patients with WSCI.
